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(54) DUAL-PHASE STEEL SHEET EXCELLENT IN BURRING PROPERTY AND ITS 
MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a hot rolled 
steel sheet having >540 MPa tensile strength and 
excellent in fatigue characteristic and burring property 
(bore expandability) and also to provide a manufacturing 
method for stably manufacturing this steel sheet at a 
low cost. 

SOLUTION: The dual-phase steel sheet excellent in 
burring property is composed of steel having a 
composition containing, by mass, 0.01-0.2% C, 0.1-2% Si, 
0.05-3% Mn, <0.1% P, <0.01% S and 0.005-1% Al and has a 
microstructure consisting of a dual-phase structure in 
which a phase having maximum volume fraction is 
composed of ferrite and a second phase is composed 
essentially of martensite; average ferrite grain size is 2- 
20 jam; a value given by dividing the average grain size of 
the second phase by the average ferrite grain size is 
0.05-0.8; and the carbon concentration of the second 
phase is 0.2-2%. This steel sheet can be manufactured 
by finishing the hot finish rolling of the steel with the 

above composition at a temperature between the Ar3 transformation point and (Ar3 
transformation point + 100° C), holding the resultant steel sheet in the temperature region 
between the Ar1 transformation point and the Ar3 transformation point for 1-20 s, cooling the 
steel sheet at >20° C/s cooling rate, and then coiling it at <350° C coiling temperature. 
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c : o. o l - o. 2%, 
si : o. oi-2%, 

Mn : 0. 05-3%, 
P =£0.1%, 
S SO. 01%, 
A 1 : 0. 0 0 5 -1%, 

7iv-< h¥^*4g75 ? 2^mi-Jl±2 0 ju m£LT, 

0. 0 5 J3L_h 0 . 8 0.T, J.o*-ffiW^*»ft**0. 
2%&±2%&T-c*&wfc*4*ltJ:-*~*. /<-'J 

C u : 0 . 2 - 2 % 

B 10.0002-0.002% 

N i : 0 . 1 - 1 % 

Ca:0. 0005- 0. 002 %, 
REM : 0. 0005-0. 02% 

T i : 0. 0 5-0. 5%, 

N b : 0. 0 1-0. 5%, 

Mo : 0. 0 5-1%, 

v : 0. 0 2 - 0. 2%, 

C r : 0. 0 1-1%, 

Zr:0. 02-0. 2% 

*fl 1 L 5 tfDM-f 1 aulE<K<0/<- "J > ^*SDX 

l»*«7l IB*39ll 4-^L6W^-rn^l^l-I£tt 
W**«:Wi-*fiM-0»HBIffaui»L, Ar3tl*fi 
Stt±Ar3 1 0 Ot^TT-^Btt-hE® 

fc*7Lfc«. Ar1 KJRLA&ftJUA r3 SflbAUft 

«T«oas*-c i - 2 o#RS}i$@ l, *<o&, 2 or/ 
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sJ^±<0^*na«T^LT, 3 5 ot:w.T<o#^jajs 

mkX'h <0 , 7x5^ 2 ^ m«± 2 0 M m 

»-«<03pj4jeg* 7 y 4 v ^mr&x-m l t 

tt^O. 0 5«±0. 8 JUT, fio^Xffl^^iftS^ 
0 . 2 %m± 2 %»T-C**i»««:»4 - t t + 

Ef^t- 'J > ^frfr V\ A r 3 ^il*S(SM±A r 3 

i o owxT-c&m^mtei&T-tzz 

[SfeWOffiMfflfcS&W] 
[0 0 0 1 ] 

U«*tfc3l5iaiK5 4 0MP a a.±0«-&-ailfcSI«i3 J: 
[0 0 0 2] 

iffctiwi: lt, a i «-&**>fift«(* &m&mffi.<F> 

50 ffl^t-PH<btirvSo lot, J: i9)£v^Hr*il6*0 

[0 0 0 3] z<r>£7%m&J£.1t<n^-$.i~ttLX, ziv 
JT-lifMtw 1 /4®JK££i6-2>* r 7-f K*'tM- 

tbZ>Mm.Utf*?&M*)Uttl~i'7 h Ltl T Jo , C*L 
[0 0 0 4] fcrtfU *»«fkl±-«:fl«jU*^1!fe (Jul 

*z-&zfr-t)mmx&&o 

[0005] mz.i£. n- -Kfj 7s?mmfaK 

50 6 n £ W '14 1 L X It , Ttffitf ft t ft^WXtt* 1 ^ u 
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*> l v »i*tfi $ <t t v > & w Attr- $> z> tz 
I0006] gift, z*ibu-Y*4-)vr4 Ktm-fc 

^^fttt-fttL* 5 9 OMP aifiOVx^'f h--7;Uf-> 
h cott^-ffl^iilS (^*>tf>£D u a 1 Phase 

■5>S3?Jgl"-<;Hi, 5 9 0MPaa*f) 7 8 0MPaI's 

LTii^flJT-** t fb*ltv>io Set, 5 9 OMP 
a at?WH t t±fc <b & *»o ttmf 7 8 0MPa» 

[0 0 0 7] -ffcfr*,, n- K*-f-;M£JE.M*)g&.S^ 
tt£ffijl:£-£££:*!>i; 5 ? u lam.* 7 J- ? J 

[0 0 0 8] Mx.lf#Pa¥5- 1 7 9 3 9 6-^<&^lC 

h £T i c^n b C(nffimmx~%tft1r2>z tx\ y 17 
««-r $ tix t»* o 

[0 0 0 9] 

- 'J > y*nHt*Oft^lt t «*»AttOS5v^^;u-c 

o^'7>x^ti:isf* 19 , ±m'imimxiiffi& 

[0 0 10] 1-^*>*.±IS!|fW¥5 - 1 7 9 3 9 6^ 
< £v>„ 

T i : 0. 0 5-0. 5%, 
Mo : 0. 0 5-1%, 
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[0 0 11] ZZX^ftWlt, -Lffifl£*&**>SU|g«T* 
|IJU**"C*4, tt^tttt^-'J yrmnOji (7tt£tf 
14) t;®it^5l5R?iJS5 4 OMP a VX±<r>mmmffi., is 
X lf*<7iMfc* £»c*5e LXW*tX£ 4»jt^rft«r« 

m-tzztZBm.tirz>i><Dx-&2> 0 

[0 0 12] 

Jtao^ai *%9i#<b<4, siftii# 

Kffiffl S ftT^ * jl^&fWEMlSiffi »:J:i) Itftllt 

yo t, tkmm&<?>'<- ') yrmT.&tiM.%i%F®.v>M£.*& 
r>-*M h ti-ZM&®.ffi.r**>*), 7x7-fff%s 

**2 ^ mJiLh 20/, mflT, S&XfflW^liSfc 7 * 9 

4 v ^mz'&x-m l Km* o . osiuo. 8 j^t , k 

■om-ft<7)$tmmfetf0. 2 %VX±. 2 %&TX'$>% z t 

[0 0 13] BO*,, *H^OSifl±^LTOjil5-P*4o 
20 ( 1 ) fi%t% 

c : o . o i - o . 2 %, s i : o . o i - 2 %, 

Mn : 0. 05-3%, P SO. 1%, 

5 SO. 01%, A 1 : 0 . 0 0 5 - 1 % 

oT, f«5 7D«A f , M^fWffiJ7i7'f 

* •) , 7x7^ 2^112 0/, m»T, 

0. 0 5 m_h 0 . 8 W.T, E.O^-ffiC0^*iftJS^0. 
50 2 %m± 2 %&TX$>ZZ t t-tz, ') y 7 

son* 4 «^-a^ii« 0 

( 2 ) mffEii^N £ <b Cfi%T\ C u : 0 . 2-2 

(3) iuge^^, s<bi-K*%T, b:o. 0002 

-0. 0 0 2 2>Ztt:%fm.£-f2>. ifrfE 

(1) 4 fcli (2) lCK*<75/s— >r*0Xtt(c«*i* 

(4) itrie^^, se.uKl%t, Ni : o. 1-1 
40 %^*t4ittfffitu, file (i) &v>l 

( 3 ) <r)^-rtifr l Sic|B|fe<7)/<- > 7*JDl1ti:fii 

(5) fltfSESi**, ?u:Rl%f, Ca:0. 0 00 
5-0. 0 0 2%, REM: 0 . 0005-0. 02% 

(1) &v^L (4) W-ftlfr 1 JRKiE*<7>/*- 

(6) irfEli^, ?c>i:Jti%t?, 
N b : 0. 0 1-0. 5 %, 

V :0. 02-0. 2%, 
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C r : 0. 0 1-1%, 

o-Si tuzi£i±* *tti ; t iff* 1 1 * . m 

IS (1) £v>L (5) W-ftLfrlTMlztHfrff);*-') > 

[0 0 14] (7) ltlrfE (1) &v^L (6) W-fii 

r3 »Sfi«fiLtA r3 3E!8*fflj£ + 1 OOWe 
«mft±Eii«r»TLfca, Arl «a.Mtt±Ar 
3 ««jftilflEJ0LTOaaEl*-C 1 - 2 0 911199 L, *0 
f£, 2 Ot/s J^JL±<Oi^iPiiJt-ei%*|]LT, 3 5 0« 
T«>*JDlilflE-C«*ft •) , f?) 5 9 B®Mi>K tt-mfrm 

h t -T4 1 . 7 x 5 4 h 2 pi m 

etiT-p^L^tt^O. 0 51:1X0. 8JEI.T, E.o^~ffl 
0 . 2 %W± 2 %J0lTt? - 

(8) tte&HEfiKflRU SLESMn'Ife, AEfx 
^r-'J >yZft\<\ A r 3 KJRj£iUE£UiA r 3 KffijK 
+ 1 0 0 < CmTT-^Mtt±EEMt^7i--5 -tit 

mt-rz, mu (7) iei£co/n--'j > mji&izmtLZ 

[0 0 15] 

0. 07%C-1. 6%Si-2. 0%Mn-0. 
0 1%P-0. 001%S-0. 0 3 %A 1 
UftKLfcHtf-*, Ar3 iS*fif«±Ov>ftii^ 
aWC»Bft±£Eifi**7Lfca, Arl KStjftajftJgl 

±Ar3 gejgj£fismTo^rfta»ofij£«-e 1-15 

L, -eof* 2 0 °C/- s Ja±<0^tpj*JK-CJfrai L 
[0 0 16] >1<7>*S*J; 19, 7 * 5 -f h W-mt&iS X Xf 

h weijs ± v # £ a^ti-m 2 ^ mti 

±2 0/imJlT, fcif/O. 0 5tLL0. 8JilTt:\7t 
[0 0 17] Z<r>jii}—XAit£--f LtWb^t?t±*v> 

* s ±C^1-<, ^J£tf<7)^tc^7 y^<7)i|B*i:^i), 'h 
£ 1- r 4 t ?t Jt I f $ b ffl H rt 5 "& 4 « SB® ttiW&Tt 4 

«I?ll4, hf^6S»?t^.t 



(4) If ^ 2001-303186 

6 

Zr : 0. 02-0. 2% 

mtmmtf&z mm&atfi&T-t 2>tz#>t%*.hixz> 0 

7!^ h Wetl^iOSSfi, J I s G 0 
5 5 2M<ny i5 >f Httfte*K«ffitcE<R«)«|IBfftU 

[0 0 18] ££>K, ^SfctrauR(rr*x*<Oj0MR» 

*X«tf> 0. 2%tt±2%ttTt% 7tJ£»t*14 
[0 0 19] :w TV-XAJi^-fLfcW'b^-Cii^v^ 

*«, m-fttoBkismmwix-t i*4t sx*i t s« t oai 
[0020] tztzL* m-mvikmmm* 1 . 2 %a-e 

fflW^milSiiO. 2%W±1. 2 %JilT<75lEHWi 
Lv^ 0 4iJ, Tttetftt ^JOXtt) Uov^T 

l±, B*»tfliaffia» J FST 1001-199 6G 

30 [0 0 2 1] ^i:, *l&^lC*3tt-i)^«0 5 ^na«i3 
14) iM^3-*4fc*lc-ft:fI5f¥ft7C(7)ffli7x7 ^ h 

[0 0 2 2] 4*3> A»&*»«ptt*«iffi-*fc*«= 

4»Ui5lt47t^}^SftT% 2 0 0 -50 OteT-H^? 

[0 0 2 3] Sfc, *-ffiO&**&tiEPMA (Elec 
tron Probe Micro Analyzer :li L S7'f7P7t7'f 

Bf(IX«»fMtt(UltE) C«tomi«£i:j:i) 
t#<bn^«T*ab4 0 fcrtfU iIISL/j^-+iOf4(i 51@ 

50 [0 0 2 4] — ^, XIB*ftt-S|;«|t>4fB^«!l^S 
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ft**** («l^ff"e«>3F*S»K*>ME) t7x70f 

[0025] mm* (»mfrmm±<7)fttm~w) <r>ik 

»«l±«#«<tlt» (WT B H ) J: •) *« t * C t 

£fiLBHS (MP a) tl±> J I S 
gfe^Srfflv^ 2. 17 0*CT- 

mx\ &Mm$s<D2. o%X'<nmm&i)t.&Mm'&<r>f% 
ffcjft<oaf-e*4o it-framaiuiJ^sBHiJi, 2. 0 

10 0 2 6] Foemable HSLA and Dual -Phase Stee 
Is (1977), A. T. DAVENPORTS 1 3 1I»F i g. 4 

Cs (Sifft^S) =1. 5X10- 4 exp (0. 03 
3 XBH) 

Cm = [C (Si 4" -Cs] /£M (*X 

x*%mi>&^ttfxb& 0 ±iBco^:± o 
10027] m^x, ^m^it^j&^w^mmiZ'D 
o . 2 %gttLtv^ tmjmRv ! m&&tf%it-f2> 

<OX\ 0. 2%HTi:« 0 $7t0. 0 1 %3HffiX'$>& 

hte&m&T-r&nx, o. oi%ja±tti. 

[0 0 2 8] S i (±, BffMc7>5 ?nati|||,<oi:.£.I 

& 0 3rM<7>5£S£#**:£t:HiO. 0 1 %W.±#*1-£ 
•J&Urt** -I) o L^L 2 %>g##-t * t flnltii^fLI- 
i^tfliO. 0 1%£JLt, 2%KTt 

[0 0 2 9] Mnli, Sv&SJHtTC* i: LT?iHg±#U* 
3&-C*>S„ P^M<7)?*S : &t#-5.7ti6t:iiO. 0 5%IM 

fc*, 3%J^Tti--So 
[0 0 3 0] Pl±> T^V>)X*>t)m^lit:tti L<, 
0 . 1 %i8#*+£ fc*0X1t^»»ttt:3K««*a«i- 

A o 

[0 0 3 1 ] S(±, ^#t»-e*»}ffi:^(5t»4 L< , # 
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T% SSfij*?**^*^****, 0. 0 1%m^) 

[o o 3 2] a 1 1±, nunaktotetbizo. oos%a 

^U(i0. 5%ttTkt*o 

[0 0 3 3 ] Cuii, B»«lB-C*»«Ftt*at#+**!l 
70 £«Ufc£i6HlI1-*o fcrtfU 0. 2% 

o C uO^tfliO. 2-2%<0 

[0 0 3 4] Bi±, C u tm&ffitiVtn&ZtlZS: »)£ 

*o fc£U 0. 0 0 0 2%*it?litO»*tf|4fc 

iftu^+^-e**), o. 0 0 2%fiiiDt^tx7y« 

M6:i)o iot, B^SlOliO. 0 0 0 2%tt±, 
0. 0 0 2 %BiTit4o 
20 [0 0 3 5] Ni(i, C u#*Ui4*BllftttBSjt^7t 

*6^lcSi:iQat^o f^ii, o. i %*«-ct±-e- 
fo-t&o-e, o. i-i%tt^ 0 

[0 0 3 6] C a£J;{/REM(±, i*^Si:io/: 

"C*R#fti-*5c*-c**o fc*fu ^tt-rtio. 000 
5%*»i6tnLrt-f-o«i***4<, caftfetfo. o 

0 2%®, REM&£>tf0. 0 2 %jgftain LT <> -fOSS 
*«t-2>Ot, Ca : 0. 0005-0. 002 
50 %, rem: 0, 0 0 0 5 -0. 0 2%itmir2>zt& 
»4 Lv^ 0 

[0 0 3 7] S&K, T i , N 

b, Mo, V, Cr, Z r Offfflaftt L< (iSifSMt 

-e-tL-PtLO. 0 5%, 0. 0 1%, 0. 0 5%, 0. 0 
2%, 0. 0 1%, 0. 0 2 %^mX~[$<%:<D$h^*'&Z> 
:t^t^iv^ 0 ttz. ^ix^ffLO, 5%, 0. 5%, 
1%, 0. 2%, 1%, 0. 2 %ZMzL&1)ULXi>, * 

40 [0 0 3 8] nli, 

W*^OT% 0. 0 5%^T7) ? lt Lvv 

[0039] ^u, *«w<^»a*ftoE5eaauov^ 

50 «:»}#94 >}*«fi:Ti-*0-C, ffMSStil 4 0 0D 
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frmtrnt l^o tfz, 100 or*;! commit v 
^.-)v±.mm^m l < -7 sin»fi«i± 1 

0 0 0m±A f MILv> o 

[0 0 4 0] »HJ±$£I*il± x ffiffi5££i&TiL ft±lf 
JH^T^N ft**^*?SK (FT) rt s Ar3 
SJiLtA r3 1 0 OtWTWfiKJtfl^T 

TLiv^DlltTi^bL, tt±lt'S«75 s A r3 jEgjfta. 
m+ 1 0 0°CeT*(±, ft±lfl±54ft<7)^-Xf^^ hfe 

l±Ar3 SE*jfitfWEJ2Jl±A r 3 £Sgj£iEJ3E + 10 0t£l 

[0 0 4 1] «EK*7«t=*E^^-y > 

rmnm&lt, SI«5RWCOS&E7KO«$!JEP (MP 
a ) xiififi L ( 'J -y f- ^/ cm 2 ) SO. 0025 <7>^ 

SPIifllTWi 7 UEiC$tL4 ( r^tiiJ , 1991, vo 

1.77, No. 9, P1450 #f&) „ 

P (MPa) =5. 64XPo XV/H 2 

Po (MPa) : m.]±t) 

V (•) -j Y)V/ m in) : ;X;HiSi 

h (cm) : mmmt sxn>m*>tem 

[0 0 4 2] ffimUji&TOXnlzUmZixZo 
L ('J h ;P/ c m 2 ) = V/ (Wx v ) 

V (■) -y h;b/m in) : SXfrffiWLM. 

W (cm) ^XjH^I) *i«7^§l«*ffi U^^oT 

v (cm/mi n) : il^j^S 

i§&=!± P X if* L co±Ht± , co£&* <6 

0. 0 2MTfc-f£- fc^jji Lv>„ 
[0 0 4 3] ££>tc, ft±(f'EMf£c0jW£wffi:7Ci«? R 
yi ! 15^m (15^mRy, 12. 5mm, lnl 
2. 5 mm) VXTX-hk Z. b ffft i Lv^ Cliiii, 
I* r**#fW#HfHMU , B#*m^&II, 841 

[0 0 4 4] tt±ffitt*ttTLfc»*>I|Ili, ifAr 
3 »ir^t)Ar1 £££ i -COifilg« (7^7 4 hi 
t-^ft-f ho-**) tl-2 0i&TOStl>. - 
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tbizffnib^ l^*iHT*i4, —4ai$uzi3l-f2> 7x5 h 

2 0 9 4 h*«fej£U I 

[0 0 4 5] 1 - 2 0#H<7>i§S££-£&7SJ£*£ 

(i, -7 * hSE.«4r$JK;1SJt$*4fcJ6A r 1 £88 

a=i£*Tit 2ot/ s ja±offra>iiaf ^Rias«»-a 

70 itizPJjf S-tt-fcc: fciWi Lv^o £f>iz, i-2 0#ffl 

- 1 OWttJCtifi L^ 0 
[0 0 4 6] ^tl, -?-«0?a)SJ*^><b#flXS)S (CT) i 

-et± 2 o °c/ s &>±.<ni$t$&m-e#rt$-t&w. 2 0 °c/ 

m±*K&Z.bfrb. 2 0 0t/s &Tb-fZZbi>m 
[0 0 4 7] mmS.l£J) { 3 5 0°C^T-1±> 'X^^^ brf 

7i7 0i#n^t*«itu vii.fy*^ h* 

3 5 or^TtPlTEi-^o iXc, ^SSWTKftli^* 
[0 0 4 8] 

»«Lra«ttiafit, «2 icTF-rip^ias (srt) r- 

(FT) Tl. 2-5. 4mmW«)?irlESELfwf*, * 
2 t-7F-r#^fiffi (CT) t^ilfftt^oto 
— SI$Uov>-Cli5|flEE?£f£U^J£2. 7MPa, 
0 . 0 0 1 V 7 l> )V/ c m 2 CO^f+T-^ET 1 '^ *T- ') > 

40 f%:^otz 0 fzfzL, m*<?>it¥®.m-^x<r>mmii 

[0 0 4 9] i«)J:^ULr»?>*ifc«Ui««>3iaWR 
(±, ttK*t*r, tr, J I S Z 2 2 0 1 5 -Sf-K 

ifri:JOlL, J I S Z 2 2 4 1 tettOM^TTSlC 

iMortfo/io *2 i;-tott^fe*Sr^-i- 0 --r% y 

ffiff*<0 1/4JPlcii(t4jt:*:W«aS-e, 2 0 0 -50 
50 7ev*(4> J IS G 0 5 5 2i<O7x7-f f^eS 
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77 

TliWRffiigtSSL, BfS«3«B«J: Whit 

[oo5o] ttz, m~m<n%rmmmuE pma (eisc 

tron Probe Micro Analyzer : ff^v-f j'DTt^ 
■f-) *fliv\ XIK ( rm^H-^-f ?o7t') ->XJ , 
g«S^&* HfiJIjfSrMttiiiJK) CttOtttltt&CJ: 

[0 0 5 1] $ «b tc, S3 K7jrf-«fc -7 ^6J98mm, 
■tS 3 8 mm, S/hBrSSTi^fll^ 2 0 mm, -to "9 # O ft 
$W3 Ommr^SflftlftfltifrCt, ^ 

Pf«»)«)¥lifl»H , ««WK*:ffofc. §S«<7>7£#:r#tt 
14, 10X1 o 7 E^tf>i£#BUW*S!«ogi3Bi)3fi$ 
»B-eilfcLfc* (*#P!JtJt <r W/ <r B ) TlMSLfco 

i:ov»Ttt, B*ftSHaj|fiJFST 1001-1 

10 0 5 2] ^CiHOli, HA, B, C-6, 
G, K, L , M, N, O, P, Q<751 1S8«-C*>IK 

h t 1- «k 7x5o wasa* 2 // m 
jbi± 2 0 ^ mJiiT, iri^f^ts* 7x5-<h¥^ 

ttg-ClTLfct^O. 0 5fil±0. 8ttT, RoHS—ft 
W^**** 1 0 . 2 %Jtt±. 2 %JilTT-* £ d t t 

[0 0 5 3] ±te^W^(4, 1J.TCOSSIC 4 oT*% 
9JOtEHWC** 0 i"4*>*>, S1C-H4, ft±El» 
TfiS (FT) 7i ? *|gH^c7)f|HJ; r) & < % y ^ ? 4 h *2 
1 (Df) , 3 (dm/Df) toXt/m- 

(cm) ***nwoi6Hd'j.-c , **<o-e, 

e>*lTv»4v» 0 iC-2fi, tt±El£#Til* (FT) 
^H^WigHJ: ^-ffi<7)7^#^ (dm/D 



(7) 2001-303186 

f) 7i«*l6WwltHn^*4<o-e, -t-fl-£?ti!2:H'gs 
(A) iJ X EfiR^RKJt UW/*B) iimhixX^tc 
$<bU, t>-r^7) 5 TSSLTM14 (E 1) fcl&T-f 

[0 0 5 4] iC-3(±, i%'g&<r)<%m&£. (CR) 77* 

ax oiUv^ ffioT7x7-f h*jg (d f ) , m~m<r> 

(dm/Df) is 4 (Cm) 73* 

*%WOtEHn-C*4W-C, +55-^7ttetf^ ( a ) 4> 4 
70 ifle^ffiSJt uw/«b) j&«#<bit-cv»arv\, mc- 

4(4, if^fiJS (MT) #*»W»lliJ: •)!&<, *- 
ffl<D*£S (dm/Df) l3±[Mri^lS (C 

(a) aizfm^m.&it (<rw/<TB) j»«»?>*i-cv»4 

[0 0 5 5] mC- 5(4, ffitimM (Time) 7?*& 
<, ^-ffl(7)*^$ (dm/Df) £ 4 
St (Cm) Tj^^cotEH^T'^^co-r-, +53-4-7tffitf 
m (A) * 4 tTjffi^lRJKJt UW/»B) *«WC,*LTV> 

-e, le^ts^ntaffi^nf, +#$:BiBe (t 

S) ii 4 WfttfRRJfc (<tW/<tB) 73*#lbiXTV^ 

v\ iEli, S i w^r*7i«*|feWO|EHn-e*40 
-C-, +#&3SK (TS) £ 4 tr*»RKJfc UW/ff 
B) A^ibixrv^v^ 

[0 0 5 6] §SF(4, M n C0-&#*73 ? ^BJ<7)IeH^T' 
7^5 -f r-fetl (D f ) 43 4 0 f SSZlffi<7)*# $ 

(dm/Df) 7l^f|^<7)$Effl^T-ab*0-e, -Mj-fcBl 

s (ts) , fzmm (a) *5 4^js*RSJt (<rw/ 

30 <r B) 73 ? #t>nTv^v> 0 fiH(i, S <7)#*fi7j**f|^ 

otSHWrfcio-c, +*&/t»f^ (A) £40^ 
PISJt (jW/<rB) ^WfjtL-Cv^v-> 0 SHI (4, P<7) 

UW/<rB) 77 ? f#f>nTV>7iv^ IB J (4, CO^tt 
J5 s $«fl^int*4©f, +53-4-#0 ; " (E 1) , 7t 

tj£tf$ (a) iJ4a i "^Pi«it uw/<tB) 73 J »^.n 

[0 0 5 7] 
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(8) ft ffl 2 0 0 1 - 3 0 3 1 8 6 



13 14 







* (mm 




>> 




m 


C 


Si 


Hn 


P 


s 


A1 


^-(Pffe 


<&* 


A 


0.055 


0.890 


1.21 


0.008 


0.0006 


0.032 






B 


0.047 


1.640 


1.21 


0.007 


0.0008 


0.025 






C 


0.074 


1.620 


1.79 


0.009 


0.0009 


0.026 






D 


0.003 


0. 120 


0.24 


0.080 


0.0008 


0.019 






E 


0.045 


0.006 


1.22 


0.011 


0.0011 


0.030 




it is m 


f 


0.055 


0.780 


0.03 


0.012 


0.0008 


0.033 






G 


0.067 


1.590 


1.48 


0.009 


0.0007 


0.032 


d\ • i iq ui .n c>) n. a nnni 




H 


0.070 


1.660 


1.61 


0.008 


0.0300 


0.028 






I 


0.071 


1.610 


1.81 


0.180 


0.0010 


0.025 




mm 


J 


0.250 


0.880 


1 .11 


0.080 


0.0008 


0.027 






K 


0.072 


1.610 


1.82 


0.009 


0.0011 


0.030 


Ca: 0.0008 




L 


0.120 


0.910 


1.51 


0.008 


0.0013 


0.038 


Ti:0.08 




H 


0.081 


1.881 


1.60 


0.007 


0.0010 


0.036 


Nb:0.03 




N 


0.068 


1.630 


0.21 


0.008 


0.0009 


0.022 


Mo:0.63 


*m 


0 


0.066 


1.210 


2.11 


0.077 


0.0009 


0.023 


V:0.07 




P 


0.051 


0.263 


1.33 


0.009 


0.0011 


0.026 


Cr:0.11 


**w 


0 


0.038 


0.880 


1.31 


0.010 


0.0012 


0.028 


Zr:0.05. REM:0.0006 
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ftff 












m 




<1t$W 


mm 






m 

A 
B 

C-1 
C-2 
C-3 
C-4 
C-6 


SRT 
(•C) 
1200 
1150 
1150 
1150 
1150 
1150 
1150 


FT 

860 
870 
910 
740 
820 
830 
810 


KT 

rc) 

680 
650 
670 
600 
600 
400 


Time 

5 
5 
5 
5 
5 
5 
0 


CR 
(*C/s 
90 
90 
90 
90 
5 

90 
90 


CT 
) (°C) 
50 
50 
50 
50 
550 
50 
50 


{%) 

93 
88 
60 
70 
40 
45 
50 


[%) 

7 

12 
10 
10 
0 
0 
0 


(%) 

0 

0 
30 
20 
60 
55 
50 


Cm 
(%) 
0.76 
0.36 
0.15 
0.22 
0.12 
0.09 
0.12 


Of 

15 
12 
21 
10 
26 
7 
6 


dm/Df 

0.08 
0.15 
0.90 
0.90 
1.50 
1.20 
1.00 


oY 
(MPa) 
388 
426 
653 
875 
562 
688 
551 


oB 
(HPa) 
607 
699 
845 
820 
733 
875 
810 


YR 

, W 
64 
61 
77 
82 
77 
79 
68 


El 

W 
34 
32 
19 
15 
28 
19 
20 


A 

W 

86 
79 
29 
34 
33 
30 
39 


OK 

(MPa) 
320 
365 
380 
360 
330 
400 
350 


aW/aB 
(%) 
53 
52 
45 
44 
45 
46 
43 


mm 
ttmm 


C-6 
D 
E 
F 
G 
H 
I 
J 


1150 
1200 
1200 
1200 
1150 
1150 
1150 
1200 


820 
900 
860 
860 
810 
810 
810 
800 


620 
720 
650 
640 
610 
620 
630 
700 


5 
5 
5 
5 
5 
6 
8 
8 


90 
90 
90 
90 
90 
60 
60 
60 


50 
50 
50 
50 
50 
50 
50 
50 


85 
100 
90 
83 
85 
85 
84 
65 


15 

0 

3 

0 
12 
13 
16 
25 


0 
0 
7 

17 
3 
2 
0 

20 


0.46 

0.42 
0.29 
0.42 
0.44 
0.41 
0.68 


9 
60 
18 
26 
6 
8 
7 


0.25 

0.10 
0.04 
0.30 
0.20 
0.20 


485 
194 
367 
323 
505 
498 
518 
742 


783 
324 
496 
521 
789 
790 
836 
1160 


62 
60 
74 
62 
64 
63 
62 
64 


28 
45 
35 
35 
27 
21 
22 
11 


75 
116 
56 
34 
62 
19 
49 
5 


410 
150 
200 
245 
450 
370 
355 
450 


52 
46 
40 
47 
57 
47 
42 
39 


mm 

mm 
mm 


K 


1150 


810 


610 


8 


60 


50 


85 


13 


2 


0.45 


8 


0.20 


479 


786 


61 


27 


61 


410 


52 


mm 


L 
H 


1250 
1150 


810 
810 


680 
680 


8 
8 


60 
60 


50 
50 


75 
82 


20 


5 


0.45 


11 


0.35 


469 


722 


65 


26 


70 


370 


51 




N 


1150 


810 


610 


8 


60 


50 


90 


16 
10 


2 
0 


0.42 
0.65 


9 
16 


0.25 
0.20 


528 
345 


812 
556 


65 
62 


23 
34 


64 
90 


420 
280 


52 
50 


*** 


0 


1150 


810 


680 


8 


60 


50 


82 


15 


3 


0.34 


10 


0.25 


525 


821 


64 


22 


65 


430 


52 


*nm 


P 


1200 


820 


670 


8 


60 


50 


94 


6 


0 


0.82 


17 


0.07 


337 


561 


60 


35 


92 


290 


52 




0 

* - **€ 


1200 


840 


670 


8 


60 


50 


94 


6 


0 


0.60 1 


15 


0.07 


387 


624 


62 


32 


83 


320 


51 


*nm 



[0 0 5 9] 
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(9) 



001-303186 



I 



+0 

to 
■K 
6 
« 

i I 

m 



10 1 



[HI] 





El 

B 








k i© ® \ 


[25] 




f ® © : 




cm 



10" 10 1 



a 



[B2] 



[13 3] 




Df / urn 



0.2 0.3 0.4 O.6O.B1.0 2.0 3.0 4.0 

c(%) 



7n> M-vOU 

F ? - A (##) 4K037 EA01 EA02 EA05 EA06 EA09 

EA11 EA13 EA15 EA16 EA17 

EA19 EA20 EA23 EA25 EA27 

EA28 EA31 EA32 EA35 EA36 

EB06 EB07 EB08 EB09 EB11 

FA02 FA03 FC03 FC04 FC07 

FD03 FD04 FD08 FE01 FE06 

HA05 JA06 JA07 
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